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1 
This invention relates fo an electric motor and 
more particularly fo a permanent magnet rotor 
type of single phase synchronous motor which is 
self-starting. This application is, in part, a con- 
tinuation of my prior application Serial No. 
651,634, filed Match 2, 1946, now abandoned. 
 Various types oî permanent magnet rotor elec- 
tric machines are old in the art. These machines 
are variously used as magnetos, generators or 
motors. The present in¢ention, however, includes 
various structural features lending particular ad- 
vantage fo synchronous motor operation. 
If is an object of this invention fo provide a 
permanent magnet type motor rotor having 
proved magnetic field strength and uniformity 
over those permanent magnet type rotors known 
in the prior art. 
It is .a further object of this invention fo pro- 
vide a magnetic rotor type self-starting syn- 
chronous motor having eccentric rotor and stator 
surfaces and having starting and running char- 
acteristics greatly improved over those obtained 
by self-starting permanent magnet rotor 
chines known heretofore. 
These and other objects of the invention will 
bec0me apparent from the following description 
read in conjunction with the accompanying draw- 
ings in which: 
Figure 1 is a transverse sectional view, taken 
on the plane indicated by the line I-- in Figure 
2, of a motor incorporating in preferable form the 
various features of the present invention; 
Figure 2 is an axial section of the motor, taken 
on the plane indicated by the line 2--2 of Figure 1; 
Figure 3 is a graph showing the field strength 
and field strength uniformity inherent in vari- 
ous types of permanent magnet rotor structures. 
Figure 4 is a diagrammatic showing of a motor 
having conventional concentric rotor and stator 
surfaces; 
Figure 5 is a diagrammatic showing of a motor 
having a rotor with eccentric surfaces disposed 
within stator surfaces concentric with the axis of 
rotor rotation; 
Figure 6 is a diagrammatic showing of a motor 
having both rotor and stator surfaces eccentric 
with the axis of rotor rotation and concentric 
with each other; and 
Figure 7 is a diagrammatic showing of the 
motor of Figure 6 with the rotor in a position dis- 
placed 90 ° from the rotor position shown in Fig- 
ure 6. 
leferring fo Figures I and 2, there is shown 
a motor comprising a stator portion 2. The stator 
is formed of a plura-lity of soft iron laminations 

2,601,517 
SYNCHRONOUS I.OTOR 
Frederic J. Hammes, Birdsboro, Pa., assignor of 
eleven-twentieths fo Dorothy C. Hammes, 
Reading, Pa., one-fourth to John A. Stinson, 
Iatboro, Pa., and one-fifth to Frederic J. 
Hammes, trustee 
Application November 1, 1949, Serial No. 124,757 
7 Claims. (CI. 172--278) 

OFFICE 

2 
uch as are conventional fo motor field construc: 
tion. The laminations are shaped fo provide the 
two pole pieces 4 and 6. The lower portionsof 
the laminations are cut away fo provide for the 
5 mounting of the field coil 8. Alternate lamina- 
tions overlap in the conventional fashio at 19 
permitting assembly of the laminations within 
the coil 8 and providing for a generally continu- 
ous conductance of the magnetic field through 
l0 laminations within the field coil. 
The laminations are supp0rted between the end 
plate members 2 and 14 by means of the longi- 
tudinal bolts 16. The end plate members are 
preferably ruade of non-magnetic material, such 
15 as brass, or a suitable aluminum alloyto reduce 
fo a minimum the stray fïeld losses and to avoid 
conducçance of the magnetic field across the end 
of the field poles. To further reduce the stray 
field losses insulating members 13 and 15 may 
20 be employed between the end plate members and 
the field laminations. Mounted witlin the end 
plate members 12 and 14 is the rotor shaft 18. 
The rotor shaft is also preferably ruade of non- 
magnetic material. 
25 The rotor is composed of a stack of pem'aanent 
magneç members 2{} abutting one another and 
mounted on the non-magnetic rotor shaft 18. 
These permanent magnet members are prefer- 
ably formed of one of several ,alloys which may 
0 be magnetized fo great magnetic strength and 
which bave excellent magnetic retentivity. These 
materials are well known in the form of, for ex- 
ample, alloys of aluminum, nickel and cobalt. 
The utflization of such magnet materials in elec- 
35 trical machines in general, and in motor rotors 
in particular, is hot new. ttowever, I bave found 
that, by employing .a laminated rotor structure 
comprising a number of magnetic elements with 
their polar axes 24 in parallel alignment and haw 
40 ing their width 21 longitudinally along the rotor 
axis being approxim.ately equal fo  of their 
diameter 22, there is obtained a permanent mag- 
net rotor having far greater, effective magnetic 
strength and uniformity than a rotor composed 
45 of a single solid cylinder block of magnetic 
material. 
The ratio of 1 fo 5 of rotor magnet disc wit 
to diameter is only Cited as a practical example. 
Actually, the more narrow the magnet disc are 
50 ruade the greater will be the benefits achieved. 
The important consideration is that these highly 
magnetic materials which are difficult to cast or 
to work in small thicknesses can be marie with 
.economic practicality in sizes which willgreatly 
 5.5 improve motor operation and efficiency.. 
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A solid magnetic rotor of these general propor- 
tions displays a considerably reduced field 
strength adjacent the end portions thereof com- 
pared to the field strength displayed in the area 
generally central!y thereof, whereas a rotor of the 
same diameter constructed of identicl material 
but laminated in form as disclosed herein dis- 
plays a relatively uniform field strength through- 
out ifs length, the maximum intensity of which is 
approximately 2.05 rimes greater than the maxi- 
mum intensity of the fieldstrength displayed by 
the solid cylindrical rotor. 
The curves 3§ and 3 of thegraph0f Figurée 3 
show more clearly the relationbeteen-the field 
strengths adjacent to the polar surface of the 
two types of rotors. In the graph the_abscissa is 
representative of the lengthof therotor, and the 
ordinate representative of the field strength  
fixed distance ïrom thepolar surface of the ro- 
tor. .The end portions 31 of the curve 3.5 show 
lerly that .the,field strength of the solid rotor 
fàlls .off considerably in the vicinity .of .ifs end 
portions.due to thespr.eading.of .the lines of.force. 
As.a..result .of this ther2 is-a reduction .in .field 
strengthin the vicinity.of he center oflthe mag- 
netdue to .the act that the lines off force in .the 
center_area-wflLbe permitted to.spreadas a result 
of the ,falling off of the field at .the end .zone of 
the magnet. 
Contrasted to this.the field strength of.the lam- 
inatodrotor asshown by.the.curve 35 isnot..only 
more nnifozm over .the entire ]ength of .the.rotor, 
falling .off only slightly af the ends thereof as 
hov¢an by the end .portions 38 of the .cur.ve, but 
àlso .of greater .maximum ,value. Y¢hen a suc- 
fiession-of,magnet.memberaare placed in adjacent 
-positions suchasAnapplicant!s .rotor with like 
,poles being..adjacent to .each other the magnetic 
îlëltlS 2manating Lfrom 2ach .pole tend to rep.el 
each other. ;Therefore, instead 0f tending to 
tlrain off t the edges of a.disc.in the case_of a 
sèlitt magnetic rotor, _the .magnetic field .of each 
disc is concentrated or piled UP .into .a .higher 
peak .9 at ifs conter .than wonld.occur .if the 
magnetmemb.er.existed.alone. 
Fhelaminated .rotor construction rsults in.a 
gretlyincreased maximum value of field strength 
.of the larriinted rotor as a whole as compared 
.with .the solïd rotor. .The only elements .which 
may. expefience erfd .drainage: in a.laminated rotor 
are,of course, he.élements.at he end of the ro- 
tor, However, the fact that each diac,is of com- 
parativèly narrow .width rednces .this .loss .to an 
..extzemely sma]l pzoportionAn comparison with 
a :.Ios 2xperience'd in the .solid magnet .rotor. 
7iïnus advantage isgained inlboth-fieId intensity 
and .uniformity by use .of the ,laminated rotor 
construction. 
i',e statorlaminátions 2-form the generally 
conventional motor polepieces .and i which 
are separatedat the ends of theh" facesby air 
.gaps. 24.and 2,: as ïs customary in_ motor design 
:in ortier fo minimize the field leakage betveen 
the.p01e pieces. However, the faces of the.pole 
pieces » and @, instead 0f being circular!y dis- 
posed about the axes of.the shaft 8,..as is cus- 
tomary in "motor construction, are ec.centrically 
"disposed. 'The"pole face of t helower: portion 3 
Sf" theleft handfield -pole 4, as viewed inFig - 
'ure-1/is-disposed radiallyfromthe conter of the 
 rtorshàft a'distance gzeterthan the upper 
pOrtion 311 of the left haud field pole. T ho pole 
-slrrface 2830 .lles on an-ar.c drawn from the 
center Of rdius29 xtisplaced'from the_eenterof 
the rotor shft. -The righthand field pole 
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as viewed in Figure 1 is similarly but oppositely 
formed, the upper portion 32 of the right hand 
pole, as viewed in Figure 1, being radially dis- 
posed a greater distance ïrom the shaït axis than 
5 the lower portion 34 of the right handpole. The 
 pole surface 32--3tI lies on ,an arc drawn from 
the conter of radius 33 which is displaced from 
-the conter of the rotor shaït. Conter points 29 
and 33 are preïerably displaced equal and op- 
] 0 -.posite. distances from the conter of the rotor shaft. 
The ext.ernaLsmfface of the rotor is also eccen- 
tricallyïormed. The rotor, as shown in Figure 1, 
is .positioned _with the polar axis 2 lying hori- 
zontally, .with .the north seeking pole to the left 
15 and .the south seeking pole te the right, and 
having points on ifs surface of maximum and 
-equal ,radius et t2 and 4tl and points on its sur- 
face ,ofminimum and equal radius at ri6 and . 
The rotor surface extendirg between the points 
20 42 .and 4 lies on .a semi-circ.ular arc .h.aving a 
conter of .radius.5 displaced.fr_om.the c.entr.Qf 
the rotor.shaït 18, and.the rotor.surface extend- 
ing .between the points 4 .and ,6 lies .on .a.semi- 
circuler, arc having a conter, of radius 50 disp_lced 
25 from,the.center of the rotor shaft 18 equally,and 
oppositely from the displacement of the. c.enter.of 
radiuslL 
When.the motor field coil 3.isdeenergized, and 
there is no restraining load upon the rotor, shf 
3o 18, the ro.tor, as a result of its .own .mgntic 
effort, wfll seek  position with respect .to the 
metallic field laminations af .which the. spacing 
between the rotor poles and the field is.reduced 
fo a.minflnum. The torque producing his ro- 
35 tion results from the.angular direction tken_by 
the magnetic lines of force mnanating .from the 
ma.gneic rotor across the air gap between adja- 
cent rotor, and-stator.surîaces which,as.has been 
described, are .both eccentric fo ,the .rotor shaft 
40 conter and ,are eccentric with respect to .each 
othm.. SI"nus-the rotor wfll seek the position 
_shown.in .construction lines.in.Figure 1.in which 
the polar axis 4' is lying be.ween .the .end pot- 
.tions-of the field:members designated as 3O.and 
4,5 3 .and.af which position the distance between 
rotor polar surfaces 2 and .4t and .t.he stator 
surface is a minimum. 
The eccentric surfaces.of.the rotor and stator 
.of a,motor of.theform shov¢n in:igure 1are dis- 
50 posed in-such a manner that .their :espective 
eccentricities are, in effect, additive and at the 
saine rime a minimum air ,gap clearance exists 
between one oï the rotor surfaces adjacent :to 
each end oï the polar axis and the field.surfces 
55 when the rotor is in.theposition shown-in con- 
struction lines in Figure 1. 
Referring te.Figure 4 there is-shov¢n or com- 
parison purposes a conventional type of .motor 
having circular and concentric rotor surfaces e@{I 
60 and.field surfaces @2. In this ïorm the.motor is 
neither self-starting .nor unidirectional in .rota- 
,tion. The magnetic lines of force between-the 
rotor and the stator are radial in this form ofthe 
motor thereby establishing equilibrium conditions 
65 ,which will.not, give rise to rotor torque. When 
the motor fields are energized a. force.equitibrium 
exists which must be upset by ïorced rotationof 
the rotor in either direction beïore themotor-wfll 
run. 
70 :Figure 5 shows a motor having field surfaces 
 concentric with the center of rotor rotation 
and. having rotor surfaces 66. and 68 eccentrically 
ïormed with respect fo the center of rotor.rota- 
tion. In .this .structure the magnetic lines of 
ïor_ce between the rotor and the stator surfaces 
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wfll be radial in direction and thus no torque wlll 
exist when the field Is deenergized. The only 
effect of the eccentric rotor structure will be to 
increase the average air gap dimension in the 
motor shown in Figure 4. 
Figure 6 shows an electric motor having both 
rotor surfaces 70 and 72 and stator surÏaces 74 
and 70 eccentric with the center of rotor rotation. 
In this form Of the machine, however, it will be 
observed that the rotor bas been inverted from 
l0 
the position, of the rotor shown in Figure 1. The 
effect of this inversion is to produce surfaces both 
of which are eccentric with the center of rotation 
but .which are concentric with each other when 
the rotor assumes a position as shown in Figure 15 
6, and whiïe eccentricity wfll exist between rotor . 
and stator surfaces when the rotor is in a position 
shown in Figure 7, the degree of eccentricity will 
obviously be much less than the degree of eccen- 
tricity between the rotor and stator surfaces in 20 
the preferable arrangement shown in Figure 1. . 
Displacing the centers from which the rotor sur- 
faces are drawn from the axis of rotor rotation by 
a distance different from the distance the stator 
surfaces centers are displaced will increase the 25 
rotor stator eccentricity when the rotor is in the 
position shown in Figure 7 but wfll have negligible 
effect when the rotor is in the position shown in 
Figure 6. 
It will be seen that, by arranging the directions 
of eccentricity of the rotor and stator surfaces so 
as tobe additive and causing a maximum eccen- 
tricity between the two surfaces, hOt only is there 
produced a motor in which eccentricity exists 
between the rotor and stator surfaces for all posi- 
tions of the rotor but there also exists a motor 
having the saine average air gap as the motor 
shown in Figures 6 and 7 and having greater 
eccentricity between rotor and stator surfaces" 
during ail positions of rotor rotation. 
When the rotor bas assumed the position 
shown in construction lines in Figure 1 and the 
field coils are energized, it will be apparent that 
the lines of magnetic force crossing the air gap 
will follow the non-radial path hereinbefore de: 
scribed. Upon energization of the field coil, the 
rotor will be caused to rotate clockwise in Figure 
1 and, in the first hall cycle of suitable polarity, 
the rotor is apparently displaced by rotation fo 
a suflïcient degree to bring the polar area of the 5O 
rotor surface suflïciently over the lower portion 
of the pole surface 4 so that there exists an ap- 
preclable increased air gap af the rime of the 
first hall cycle reversal and a comparable reduc- 
tion in negative torque. Thus the inertia of the 55 
rotor is suflïcient to cause continued rotor rota- 
tion thus providing motor starting and avoiding 
the occurrence which typically takes place in the 
type of machine .as shown in Figure 4 namely, 
that upon the reversal of the first hall cycle the 60 
rotor will be drawn backward and assume a posi- 
tion of equflibrium conditions which do hot give 
rise to rotor torque. 
The rotor and stator surfaces shown in Figure 
1 are drawn with similar eccentricities, that is, 65 
the center points 29, 33, §0 and §2 from which 
these various surfaces are drawn maybe joined 
by the ctrcle having as a center of radius the 
center of the shaft axis. While thls is hot a 
necessary relation itis a desirable one. When 
the centers from which the rotor and stator 
surfaces are drawn are equally displaced from 
the center of rotor rotation there exists a maxi- 
mum eccentricity between the rotor and stator 
urfaces provtding a maximum of angular or 

non-radial displacement of the lines of force 
across the air gap and, at the saine time, there 
exists an air gap dimension less than that of any 
other arrangement of centers producing eccen- 
5 tricity of both rotor and stator surfaces and the 
resulting torque producing non-radial lines of 
force across the air gap. ' Accordingly, this em- 
bodiment of the present invention provides for 
a maximum assistance by the permanent mag- 
net force in the form of a forward pull during 
approximately 175 ° of the cycle which causes 
rotation of the rotor while decreasing the air gap 
from maximum to minimum reluctance. 
While the particular structure disclosed herein 
bas been referred fo as having rotor and stator 
surfaces lying on arcs drawn from center of 
radius points, it will be apparent that involute 
surfaces may aiso be employed. However, par- 
ticularly in small motors, the difference in sur- 
face contour between circular or involute form 
will be negligible. Accordingly, negligible change 
will be effected thereby upon motor operating 
characteristics. 
It is well known in motor design that if is 
desirable fo reduce the air gap clearances 
tween the stator and the rotor to a minimum 
and, while it is true that a machine having 
either or both the rotor and the stator eccentri- 
cally formed, as is herein disclosed, will have a 
30 greater air gap, hence greater air gap losses, 
than a machine constructed with concentric fleld 
and rotor surfaces. This loss is af least in part 
compensated for by the fact that apparently the 
rotor displays the previously mentioned seeking 
35 effort even when the machine la running at syn- 
chronous speed. Thus while the increase in 
- startlng torque provided by the eccentric con- 
structions of the rotor and of the stator Is great, 
the decrease in running torque due fo the tn 
40 creased air gap in the eccentric construction is 
proportionately small. 
The highiy uniform and increased magnetic 
field strength produced by the laminated rotor 
construction increases the efiïciency of the motor 
45 when itis running under load to a value in ex- 
cess of what may be obtained with a solid rotor 
construction and a minimum air gap between 
concentric field and rotor faces. 
It will be observed that, unlike most synchro- 
nous machines which run equally well in either 
directioni this is a unidirectional motor which 
is self-starting in one direction and will operate 
at synchronous speed more efficiently in that 
direction than in the opposite direction. This 
machine, which is truly a self-starting synchro- 
nous machine, is particularly suited to motors of 
fractional horsepower rating but should hOt be 
considered limited to any particular capacity 
range. The fundamental concepts taught here- 
in are applicable to motors 0f various sizes. 
While the above disclosure sers forth the prin- 
ciples of my invention as applied to a motor, 
these principles could also be applied in the 
construction of a magneto-electric generator. 
My synchronous motor develops amazlngly 
high efficiencies which are frequently more than 
double the efficiency of standard fractional 
horsepower motors now in use. Contrary to the 
. characteristics of the presently employed types 
70 of electric motors, in my machine there is no de- 
cline in efflciency with reduction in horsepower, 
but rather, the machine maintains its high de- 
gree of efficiency even down fo the most minute 
horsepower model. 
75 It will be obvious that varioUs modillcations 



7 
-maYbe ruade in the-struct.ure.disclosed herein 
ithout.departing from the, scope of the inen- 
tion aS. set forth in the. folloving claims. 
,W-hat.is claimedis: 
. 1. An alternaing, current machine, comprising 
astator, a coil. mounted .on said stator, oDposing 
pole faces  formed by said stator,:and a polarized 
rotor, said .rotor being mounted to rctae be- 
tv¢en, said_pole faces, the- surfaces-of-said stator 
pg!efaces being eccen2rically formed with respect 
to=..the conter of rotor rotation and the surfaces 
of-said:rot0r .tying on either side. oî the rotor 
pola ax_is bçi.ng eccentrically, fermed «Fith. respect 
to=the center- of rotor rotation, the, directions of 
eccentricity of .said surfaces being such as fo 
prov, ide a .maximum eccentricity between the 
retor..and stator surfaces. 
2. An alternating cm'font machine, comprising 
a:s_tat0r, a coi!.mounted on.said stator, opposing 
polo: faces formed by said stator, nd a polarized 
rotor,.said.rotor being mounted to rota2e be- 
tween, said. pole. faces, the .surfaces of said stàt0r 
p01e-faces being eccentrically formed with respect 
.to thecenter.of rotor rotation and the surfaces 
0f.said rotor lying on either side of the rotor polar 
axis being, eccentrically formed /ith respect to 
thecenter of rotor rotation,.the directions of ec- 
cëntricitF of said. surfaces being-such as to pro- 
vide .a uniî0rm eccentricity between the rotor and 
stat0r surfaces for all positions of the rotor polar 
axis. 
. Analternating current machine comprising 
atator, a, coil mounted on said. stator, opposing 
pole.faces_ formed, by said stator, .and a. laminated 
Permanent magnet rotor, said rotor being mount- 
ed 2o rotate between said pole faces and com- 
Prising a. st.ack of permane!lt magnet elements 
having their polar axes in parallel arrangement 
and.hav!ng abutting adjacent faces, the surfaces 
of .aid stator pole faces being eccentrically 
formed with respect fo the conter of rotor ro- 
tation, and the surfaces of said rotor lying on 
ei2her.sde Of the rotor polar .axis being eccen- 
tricallF formed with respect.2o the conter of rotor 
rotation,.the directions of eccentricity of.said sur- 
faces being such as to provide amaximum eccen- 
tricity between the rotor and stator surfaces. 
" . An alternating current machine comprising 
a.stat, or, a cofl mounted on sai.d stator, opposing 
p.01efaces formed by said stator, and a laminated 
p.erman.ent magnet rotor, saidrotor being mount- 
ed tD. rotate, between said pole faces and com- 
pr_ising a.sack of permanent magnet elements 
.havi.ng thei.r polar axes in parallel arrangement 
and.having abutting adjacent faces, the surfaces 
of said stator pole faces being eccentrically 
formed with respect to the conter of rotr ro- 
tation and the surfaces of said rotor ling on 
ither-side .of the rotor polar axis being-eccen- 
trically-formed with.respect to the conter of rotor 
rotation, the directions of eccentricity of said sur- 
f«ces being such as.to provide a uniform eccen- 
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tricity between te rotor and stator surfacesfor 
all positions of the rotor polar axis. 
 5.-An. alternating current machine compris- 
ing a stator, a coil mounted on said stator« op- 
5 posing pole faces formed by said stator, a rotor, 
said rotor being mounted to rotate between said 
pole faces, and the surfaces of said pole faces 
being eccentrically formed with respect to the 
center of rotor rotationand the surface oLsaid 
l0 rotor being eccentrically formed with respect to 
the conter of. rotor rotation, the directions of 
centricity of said surfaces being such as to pro- 
vide a maximum eccentricity, between the rotor 
and stator surfaces. 
15 6. An alternating current machine comprising 
a stator,a coil mounted on said stator, pole faces 
formed by said stator, and a polarized rotor, said 
rotor being mounted to rotate between said pole 
faces, the surfaces of said stator pole faces being 
2o eccentrically formed with respect to the conter of 
rotor rotation and the surfaces of said rotor 
forming polar areas being eccentrically formed 
with respect to the conter of rotor rotation, the 
directions of eccentricity of said surfaces being 
25 such as to provide a maximum eccentricity be- 
tween the rotor and stator surfaces. 
7. An alternating current machine comprising 
a stator, a coil mounted on said stator, pole faces 
formed by said stator, and a laminated Perma- 
30 rient, magnet rotor, said rotor being mounted fo 
rotate between said pole faces and comprising 
a stack of permanent magnet elements having 
their polar axes in para]lel arrangement and 
having abutting adjacent faces, the surfaces of 
35 said stator pole faces being eccentrically, formed 
with respect fo the conter of rotor, rotation and 
 the surfaces of said rotor ferming polar areas 
being eccentrically formed with respect 2o the 
conter of rotor rotation, the directions of eccen- 
40 tricity of said surfaces being sch as fo povide 
a maximum eccentricity between the rotor and 
stator surfaces. 
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